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(54) PROTON CONDUCTOR AND ELECTROCHEMICAL DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a proton conductor and an 
electrociiemtcat device which has high film strength and gas permeation 
prevention abilttyand has good thinning propertyacid resistanceand thermal 
resistance, 

SOLUTiON: The proton conductor includes at least one of resins selected from 
poiyvinyi chioridevinyl chloride 

copolymerpolyethylenepolypropylenepolycarbonatepolyethyiene 
oxideperfiuorosuifonte acid series resin and a group of their derivativesand a 



{51)lnt.Cl. 



fullerene guide materia! which is constituted by introducing a group dissociable 
frorr) proton (H+) to carbon atom composing fuHerene molecule. This proton 
conductor fs used for an electrochemjcal device such as a fuel eel! or the like. 



CLAIMS 



[Claim(s)] 

[Claim 1|Polyvinyi chloridea VCM/PVC system 

copolymerpoiyethylenepoiypropyieneAt least one sort of resin chosen from a 
group which consists of polycaitjonatepoiyethylene oxidepolyphenylene 
oxideperfluofo suffonic acid system resinand these derivatlvesA proton conductor 
containing a fullerene derivative which introduces a proton (H*) dissociative basis 
Into a carbon atom which constitutes a fullerene molecule. 
[Claim 2]The proton conductor according to claim 1 whose content of said resin 
is 50 or less % of the weight. 

[Claim 3|The proton conductor according to claim ! whose basis of said proton 
dissociation nature is -XH (ari)itrary atoms In which X has a divalent joint hand or 
an atom groupand H are hydrogen atoms.). 

[Claim 4]The proton conductor according to claim 1 whose basis of said proton 
dissociation nature is -OH or -YOH (Y is arbitrary atoms or an atom group who 

has a divalent joint hand,). 

[Claim 5|The proton conductor according to claim 4 whose basis of said proton 
dissociation nature is a basis chosen from -OPO[ SO3I-I and -] (OH) -OH-OSO3H- 

COOHor 3- 

[Claim 6]The proton conductor according to claim 1 in which said fullerene 
molecule is the spherical carbon cluster molecule Cm {m= 366070767880 and 

8284 grades), 

[Claim 7|lt consists of the 1si polethe 2nd poleand a proton conductor pinched 
among these two polesThis proton conductor Polyvinyl chloridea VCM/PVC 
system copolymerpolyethyleneAt least one sort of resin chosen from a group 



which consists of polypropy1enepolycarbonatepoiyethy!ene oxidepofyphenylene 
oxidepefffuoro suifonic acid system resinand these derivativesAn electrochemical 
device containing a fuHerene derivative which introduces a proton (H*) 
dissociative basis into a carbon atom which constitutes a fuHefBne 
moJecule,|Clalni 8]The electrochemical device according to claim 7 whose 
content of said resin ts 50 or less % of the welght.tClaim SJThe eiectrochemicaS 
device according to daim 7 whose basis of said proton dissociation nature is -Xl-f 
(arbitrary atoms in which X has a divalent joint hand or an atom groupand H are 
hydrogen atoms.). 

[Claim 10|The electrochemical device according to claim 7 wrfiose basis of said 
proton dissociation nature is -OH or -YOH (Y is artoitrary atoms or an atom group 
who has a divaient joint hand.), 

[Claim 11|The proton conductor according to claim 10 whose basts of said proton 
dissociation nature is a basis chosen from -0P0[ SO3H and -] (OH) -OH-OSO3H- 
COOHora. 

[Claim 12|The proton conductor according to claim 1 In which said fullerene 
molecuie is the spherical cartaon cluster molecuie Cm {m= 366070767880 and 
8284 grades). 

[Claim 13]The electrochemical device according to claim 7 at least whose one 

side is a gas electrode among said 1st pole or said 2nd pole, 

[Claim 14]The electrochemical device according to claim 13 constituted as a fuel 

cell. 

[Claim 15]The electrochemical device according to claim 13 constituted as an air 
cell. 

[Claim 16|The electrochemical device according to claim 7 either [ at least / 
whose ] said 1st pole or said 2nd pole is an active material nature electrode. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Fieid of the inventionJThis invention relates to a proton (H*) conductor and an 

eiectrochemical device, 

[0002] 

[Description of the Prior ArtJThe thing using a polymer material of proton 
(hydrogen ion) conductivity like perfluoro sulfonic add type resin {Nafion made 
from Du Pont (R)etc.) is known as a fijel eel! of the polymers solid oxide type for 

a recent-yearsfor ©xamplecardrive. 

[0003] Poiy molybdenum acids and an oxide with many water of hydrationsuch as 
H3M012PO40 and 29H 20Sb2055.4H20are also known as a comparatively new 
proton conductor. 

[0004]When these polymer materials and hydrate compounds are placed by the 
damp or wet conditionthey show high proton conductivity near ordinary 
temperature. 

[OOOSjNamelythe proton ionized from the sulfonic group when perfluoro sulfonic 
acid type resin was taken for the exampleThe water which was combined with 
the moisture incorporated In large quantities into the polymers matrix (hydrogen 
bond)and was protonatedThal issince an oxonium ion (H3O+) can be 

generatedthe gestalt of this oxonium ion can be taken and a proton can move 
smoothly in the inside of a polymers matrtxthis kind of matrix material can 
demonstrate the proton conduction effect that it is quite high also under ordinary 
temperature, 

[0006]On the other handthe proton conductor with which a transmission machine 
style completely differs from these is also recently developed. 
[0007|That iseven if the composite metal oxide which has perovskite 
structuressuch as SrCeO:, v-jh\ch doped Ybdid not use moisture as the moving 
mediumhaving proton conductivity was found out. in this composite meta! oxideit 
is thought that a proton cames out channeling of between the oxygen ion which 
ioms the skeleton of a perovskite structure independentlyand conducts it. 



[OOOSjHoweverthis conductive proton does not necessarily exist in a composite 
meta! oxide from the startWhen a perovskite stmcture contacts the steam 
contained in the surrounding controHed atmospherethat hot water moiecuie 
reacts to the oxygen deficiency part currentiy formed by the dope into the 
perovskite structureand is considered that a proton wilJ not occur without this 
reaction. 

[0009]Howeveras for various kinds of proton conductors mentioned abovethe 

following problems are pointed out, 

|0010]Firstln matrix materialssuch as said perfluoro sulfonic acid type reslnin 
order to maintain the conductivity of a proton highlyit is required during use to be 
placed by continuously sufficient damp or wet condition. 
[001 1]Thereforea humidifying device and various kinds of accompanying devices 
are requlredthe scale of a device is not enlarged in the composition of 
systemssuch as a fuel cellor the cost rise of a system construction is not avoided. 
[0012]Operatfng temperature also has the problem that a temperature 
requirement is not wide in order to prevent freezing and boii of moisture which 
are Included In a matrix. 

t0013]ln order to perform conduction of a meaningful proton In the case of said 
composite metal oxide with a perovskite stmctureif is required to maintain 

operating temperature to the elevated temperature of not less than 500 
[00l4]Thusit had the high dependency over atmosphere that the conventional 
proton conductor supplies hygroscopic surface moistureor needs a steam 
etc.and moreover its operating temperature was too higher them was a problem 
that the mnge was narrow. 
[0016] 

[Processes leading to lnvention|ln order to solve the above-mentioned 
probiemthis invention person could use in the large temperature region including 
ordinary temperatureand his atmosphere dependency was small and he 
proposed a proton conductor which can be conveniently used into dry aira 
manufacturing method for the sameand an electrochemical device In Japanese 



Patent Application No. No, 204038 [ 11 to ].Hereafterthis is called a prior 

invention. 
[0016] 

[Prob!em(s} to be Solved by the inventjon]Howeverthis invention person found 
out that the Intensity of the thin film of the proton conductor and gas penneation 
prevention ability had an insufficient point In thin-film-izlngacid resistanceand 
heat resislanceof course in the above-mentioned piior invention,f0017|The 
purpose of this invention is to be made in order to solve the problem that the 
above-mentioned prior invention should be inaproved in additionto excel in film 
strength and gas permeation prevention abilityand to provide a good proton 
conductor and electrochemical devicessuch as thin-film-izingacid resistanceand 
heat res)stance,[0018] 

[Means for Solving the Problem JThis invention Namelypolyvinyl chloridea 
VCM/PVC system copoiymerpofyethyleneAt least one sort of resin chosen from a 
group which consists of polypropylenepoiycarbonatepolyethylene 
oxidepolyphenylene oxideperfluoro sulfonic acid system resinand these 
derivativesit is involved in a proton conductor containing a fullerene derivative 
which introduces a proton (H*) dissociative basis into a carbon atom which 
constitutes a fullerene moiecule.Herethe above "basis of proton dissociation 
nature" in this invention means a functiona! group from which a proton can 
secede by tonizattonand "dissociation of a proton (H^^)" means that a proton 
separates from a functiona! group by ionization. 

[0019]Since the above-mentioned resin and the above-mentioned fullerene 
derivative are containedit excels in film strength and gas permeation prevention 
abilityand a proton conductor of this invention can be used as good thin filmssuch 
as acid resistance and heat resistance. [0020]ThefBforealso in a case where 
acidity of the above-mentioned proton conductor becomes remarkably large by 
dissociation of a proton (H*)lt is possible to demonstrate high conductivity over a 
large temperature region which cannot carry out oxidation degradation easiiyls 
excellent in enduranceand can use conveniently as a proton conductivity thin 



filmand also includes ordinary temperature etc.[0021]Since it contains the above- 
mentioned fulierene derivativea proton conductor of this invention has a small 
atmosphere dependency into dry atrcan show sufficient proton conductivity and 
can use it continuously.Howevereven if moisture existsit does not 
interfere.|0022]TNs invention consists of the 1st polethe 2nd poleand a proton 
conductor pinched among these two poiesThls proton conductor Polyvinyl 
chioridea VCM/PVC system copolymerpoiyethyfeneAt least one sort of resin 
chosen from a group which consists of poiypropyienepolycarbonatepoiyethylene 
oxidepoiyphenylene oxidepejfluoro sulfonic acid system resinand these 
derivativesit is involved in an electrochemical device containing a fuiterene 
derivative which introduces a proton (H*) dissociative basis into a caiton atom 
which constitutes a fuilerene mo!ecule,[0023]Slnce a proton conductor pinched 
between the 1st poie and the 2nd pole contains the above-mentioned resin and 
the above-mentioned fulierene derivativethe same effect as a proton conductor of 
this invention is done soand an etectrochemica! device of this invention becomes 
unnecessary | humidifying devices ]and can realize a miniaturization of a 
systemand simplification.[0024] 

[Embodiment of the lnvent}on]Hereafterbased on an embodimentthis invention is 
explained still more concretely, [0025Jln this inventionthe fuilerene mofecule as a 

parent which is the introductory target of the basis of proton dissociation 
natureEspecially if it is a spherical cluster moleculewill not limitbut usually CasThe 
simple substances of the fuilerene molecule chosen from Cso (refer to drawing 3 
{A))C7o (refer to drawing 3 {B))C78C78C8oC82Cs4etc. or two or more sorts of these 
mixtures are used preferably. 

[0026]These fuilerene moleculesit was discovered in the mass analysis spectrum 
of the cluster beam by carbonaceous laser ablation in 1985 (R. F.; KrotoH.W.; 
HeathJ.R.; O'BrienS.C; Curt). SmalleyR. E. Nature 1985.318162. It is further 5 
that the manufacturing method Is actually established. It is a thing after a yearand 
the manufacturing method by the arc discharge process of a carbon electrode 
was found out in 1990and fuilerene has attracted attention as a carfoon system 



semiconductor material etc. since then. 

[0027|Th8 poly hydroxylatton fuyerene produced by introducing a hydroxy! group 
into the composition carbon atom of fullerene as a result of this invention 
person's examining various that proton conductivity about the derivative of this 
fullerene moleculelt was able to find out that high proton conductivity was shown 
in the temperature requirement (-at least 160 ** - 40 **) where dryness also 
exceeded the wide temperature requirement which faces across an ordinary 
temperature regioni.eJhe coagulating point of waterand the boiling point. And this 
proton conductivity was able to cany out the knowledge of becoming more 
remarkablewhen it changed to a hydroxyl group and a sulfuric acid hydrogen 
ester group was introduced into the composition carbon atom of fullerene. 
[0028]if it furthermore explains in full detallas shown In drawing 1p oiy 
hydroxylatlon fullerene is a general term for a thing with the structure which 
added two or more hydroxyl groups to fullereneand Is called the common name 
"FURARE Norian (Fuiierenol)." The variation of some [ intramolecular distribution 
/ the number of hydroxyl groups or / its ] with a natural thing ts also possible. 
FURARE Norian in 1992 by Chiang and othefB. . The synthetic example was 
reported first. ChiangL.Y.;SwlrczewsklJ.W.;HsuC.S.; ChowdhuryS.K.; 
CameronS.; CreeganKJ. Chem. SocChem.Commua1992. 1791) , Since thenthe 
feature which is water solubility has attracted attention and especially FURARE 
Norian that introduced the hydroxyl group more than a constant rate has mainly 
been studied by the bio--reiated technical field. 

[0029jthis invention person binds with the resin mentioned above so that the 
outline graphic display of such FUHARE Norian might be earned out at dra\^ng 2 
(A)The FURARE Norian molecule which forms the film which raised FURARE 
Norian density for this by application of pressureand approached each other 
(among a figure) O a fullerene molecule is shown - the place it was made for an 
interaction to produce in hydroxyl groups -~ the proton conduction characteristic 
(if It puts in another way) high as an aggregate with this macroscopic floe The 
knowledge of demonstrating dissociative [ of H* from the phenolic hydroxyl group 



of a FURARE Norian molecule ]and the penetration prevention ability of gassuch 
as hydrogentm proving was able to be carried out for the first time. 
[0030]The film hardened by the resin which mentioned above the fuilerene which 
has two or more -OSO3H bases in addition to FURARE Norian can be 
conveniently used for the pmton conductor of this invention. Poly hydroxylatton 
fullerenei.e.sulfuric acid hydrogen esterification FURARE Norianas an OH radical 
shows to drawng 2 JB) which replaced the OSO3H basisAfter ail by Chiang and 
otherB. ft is reported in 1994 (Chiang. L. Y.; WangL.Y.; SwirczewskiJ,W.;SoiedS.; 
CameronS J. Org. Chem. 1994593960). It is a!so possible for there to be some 
which contain only an OSO3H basis in one intramolecular in the fuilerene by 
which sulfuric acid hydrogen esterification was carried outor to give two or more 
these bases and hydroxy! groupsrespectively. 
[0031]When many fuilerene derivatives mentioned above are made to 
condensethe proton conductivity v\rfi!ch it shows as bulkin order to concern with 
movement directly the proton originating in a lot of hydroxy! groups and OSO3H 
bases which are contained in intramolecular from the firstlt is not necessary to 
Incorporate hydrogen and the proton which make a steam molecule etc. the 
origin from atmosphere andand there are not supply of the moisture from the 
outside and restrictions of as opposed to [ it is not necessary to especially absorb 
moisture etc. from the open airand ] atmosphere. The fuilerene used as the base 
of these derivative molecules has electrophilic character espectallyand this is 
considered to have contributed to promotion of ionization of a hydrogen ion 
greatly also not only in an OSO3H basis with high acidity but in a hydroxyl group 
etc. It Is one of the reasons this shows the proton conductivity excellent in the 
proton conductor of this invention, 

[0032|Since quite many hydroxyl groupsan OSO3H basisetc. can be introduced 
into one fuilerene molecuiethe number density per unit volume of a conductor of 
the proton which participates in conduction increases dramatically. This is 
another reason the proton conductor of this invention reveals effectual 
conductivity. 



[0033|Since the most comprises a carbon atom of fulferenethe proton conductor 
of this invention cannot deteriorate easily by weight being iighteitherand a 
pollutant is not containedeither. The manufacturing cost of fullerene is aiso failing 
rapidly, seeing resources-wlseenvironmentallyand economically - which material 
of others [ fuJIerene ] - furthermoreit is thought that it is a carbon system material 
near an ideal. 

[0034]According to this invention person's examinationit is not necessary to limit 
the basis of proton dissociation nature to the hydroxys group and OSO3H basis 
which were mentioned above. 

[0035|Namelythis dissociative basis is expressed with formu!a-XH and X should 
Just be the arbitrary atoms or atom group who has a divaient joint hand. This 
basis is expressed with fomiula-OH or -YOHand Y should just be the arbitrary 
atoms or atom group who has a divalent joint hand. 

[0036]Specificaliy as a basis of said proton dissociation nature-OPO[ SO3H and - 
] (OH) either -COOH or 3 is preferred in addition to the aforementioned -OH and - 

OSO3H. 

[0037]!n order to compound said fulierene derivative used for the proton 
conductor of this InventionWhat Is necessary Is just to introduce the basis of 
desired proton dissociation nature into the composition carbon atom of a 

fullerene molecule by giving combining publicly known processing of acid 
treatmenthydrolysisetc. suitably as opposed to the powder of said fullerene 
molecule so that clearly { the below-mentioned example ]. 
[0038jThe proton conductor of this invention Poiyvinyl chloridea VCM /PVC 
system copolymerAt least one sort of resin chosen from the group which consists 
of polyethytenepoiypropylenepolycarbonatepolyethyleneoxldepolyphenylene 
oxideperfluona sulfonic acid system resinand these derivativesand said fullerene 
derivative are contained.[0039]it is because 50 or less % of the weight is 
preferred as for the content of said resinand there is a possibility of reducing the 
conductivity of a proton when this content exceeds 50 % of the 
weight.[0040]Sjnce the proton conductor of this invention contains said resinit 



has a moidabiiity and thin film-ization with higher intensity can be 
realtzed.Thereforeit excefs in ftfm strength and gas permeation prevention 
abilityand can use as good thin filmssuch as acid resistance and heat 
res!Stance.[0041]Said polyvinyl chloride and said VCIVI/PVC system copoiymer 
are excellent In acid resistanceand heat resistance's are goodand when they 
realize the purpose of this inventionthey are desirable resin. HereVCM/PVC 
system copolymers are copolymers of VCM/PVC and a copoiymeric 
monomersuch as a viny! chloride vinyiidene chloride copolymer and a polyvinyl 
chloride acetate copolymer,|0042|Said poiyethyienesaid polypropylenesatd 
polyethylene oxideand said polyphenylene oxide are acid-proof good 
res{n.[00433Said polycarbonate is amorphous resin of transparencyis excellent in 
heat resistance and the low-temperature characteristicand can be equal to the 
use in a wide temperature requirement.lt excels also in shock 
reslstance.[0044|Said perfluoro sulfonic acid system resin is excellent in acid 
resistance and heat resistanceand since it is resin with good weatherabilttythe 
big change in the characteristic under beam-of-iight exposure over a severe 
temperature or long period of time is not brought about,[0045jNamelysince the 
proton conductor of this Invention contains said resinby dissociation of a proton 
(H*^). When the acidity of a proton conductor becomes remarkably largeit is 
possible to demonstrate high conductivity over the large temperature region 
which cannot can'y out oxidation degradation easilyis excellent in enduranceand 
can use conveniently as a proton conductivity thin filmand also includes ordinary 
temperature.[0046]The proton conductor of this invention has a small 
atmosphere dependencysince It contains said fullerene derlvatlveinto dry airit can 
show sufficient proton conductivity and it can be continuously used for itbut even 
if moisture existsit does not interfere. For examplesince said perfluoro sulfonic 
acid system resin also shows proton dissociation ability under existence of 
moisture when the proton conductor of this invention contains said perfluoro 
sulfonic acid system resin and said fullerene derivatlveproton conductivity can be 
raised more.|0047]The proton conductor of this Invention can be used 



conveniently for various kinds of electrochemical devices. That isin the essential 
structure object which consists of the 1st poiethe 2nd poleand a proton conductor 
pinched among these two polesthe proton conductor of this invention is 
preferably applicable to the proton conductor. 

[0048]Speaking concreteiythe 1st pole and/or the 2nd pole being able to apply 
the proton conductor of this invention preferably to the electrochemical device 
which is a gas electrodethe electrochemical device which uses an active materia! 

nature electrode for the 1st pole and/or the 2nd poieetc. 

|0049]Hereafterthe example which applied the proton conductor of this invention 

to the fuel cell is explained. 

[OOSOjthe mechanism of the proton conduction of the fuei cell comes to be shown 
In the mimetic diagram of drawing 4 - the proton conduction part 1 - the 1st - 
very (for examplehydrogen pole) - 2 and the 2nd - the proton (H-^) which was 
pinched very much (for exampieoxygen pole) among Sand dissociated meets a 
drawing arrow direction - the 1st - very - the 2nd from 2 sides - it moves to 3 
sides very much. 

[0051 ]One example of a fuel cell in which the proton conductor of this invention 
was used is shown in drawing 5. This fuei cell has the terminal 8the negative 
electrode 2 with nine (the fuei electrode or the hydrogen poie)and the anode 
(oxygen pole) 3 which stick or distributed the catalysts 2a and Sarespectively and 
which counter mutuallyand the proton conduction part 1 is fastened among these 
two poles. At the time of useby the negative-electrode 2 sidehydrogen is supplied 
from the feed port 12 and it is discharged from the outlet 13 (this may not 
provide.). A proton is generated while the fuel (H2) 14 passes through the 
channel ISThis proton moves to the anode 3 side with the proton generated in 
the proton conduction part land reacts to the oxygen (air) 19 which is supplied to 
the channel 17 from the feed port 15 thereand goes to the exhaust port 
18andtherebydesired electromotive force is taken out. 

[0052]Since the proton supplied from the negative-electrode 2 side moves to the 
anode 3 sidea proton dissociating in the proton conduction part Ithe fuel cell of 



this composition has the feature that the conductivity of a proton is 
high. Thereforesi nee it becomes unnecessary [ humidifying devices |simpiiftcation 
of a system and a weight saving can be attained. [0053]The hydrogen-air cell 
shown in drawing 9 makes midium the fitmy proton conductor (proton conductor 
of this invention) 20and the pJaced opposite of the hydrogen pole 21 and the air 
pole 22 is carried outand these outsides The Teflon (reglsteted trademark) board 
24alt puts with the Teflon board 24b which fomned many holes 25and it Is what 
fixed the whole with the bolts 26a and 26b and the nuts 27a and 27band the 
hydrogen pole lead 28a and the air pole lead 28b are taken out from each pole 
outside. 

J0064]Between the negative electrode 31 as for which the electrochemical device 
shown in drawing 10 e stablished the negative electrode active material layer 30 
in the inner surfaceand the anode 33 (gas electrode) which formed the gas 
penneation base material 32 outsidelt has the structure where the proton 
conductor 34 was pinchedand the proton conductor of this invention is used for 
this proton conductor 34. To the negative electrode active material 30the thing 
which made carbon materialssuch as a hydrogen storing metal alloy or 
fuilerenesupport a hydrogen storing metal alloy Is prefen-edand to it to the gas 
permeation base material 32. For exampleporous cartoon paper etc. are used 
andas for the anode 33(t is preferred to apply and form in paste state the material 
which made carbon powder support platinum for example. The crevice between 
the outer edge of the negative electrode 31 and the outer edge of the anode 33 is 
closed by the gasket 35. In this electrochemical devicett can charge by making 
moisture exist in the anode 33 side. 

[0055]Between the negative electrode 38 as for which the electrochemical device 
shown in drawing 11 estabiished the negative electrode active material layer 37 
in the inner surfaceand the anode 40 which estabiished the positive active 
material layer 39 in the inner surfacelt has the structure where the proton 
conductor 41 of filmy this invention was made to pinchand what uses nickel 
hydroxide as the main ingredientsfor example is used as the positive active 



material 39. As for this electrochemical devicethe crevice between the outer edge 
of the negative electrode 38 and the outer edge of the anode 40 is ciosed by the 
gasket 42. 

[00563The proton conduction effect can be demonstrated by the same 
mechanism as the contents which also expiained the electrochemica! device of 
the gap to mention above based on the mimetic diagram of above-mentioned 

.^l.^'.fwinj 4. 
[00573 

[ExampleJHereafterbased on an examptethis invention is explained concretely. 
[00583<composition of poly hydroxylation fuilerene> - this composition was 
performed by refen-ing to literature 

(ChiangL.Y.;WangL.Y.;SwlrczewsklJ.W.;SoledS.;CameronSJ.Org.Chem.19946 
93960). TTie powder 2g of the Cso/Cro fullerene mixture which contains C70 about 
15% was invested into 30 ml of fuming sulfuric acidand it stirred for three 
dayskeeping at 60 ** in a nitrogen atmosphere. It was under decompression at 
40 **and it was made to dryafter dropping the obtained reactant little by little in 
anhydrous diethylether cooled within the ice bathclassifying the sediment by 
centrifugal separation and 2:1 mixed liquor of 3 times and diethyietherand 
acetonitrile washing twice by diethylether further. This dry matter was put in 60 
ml of ion exchange waterand it stirred for 10 hoursperforming bubbling by 
nitrogen at 85 **. After the resultant separated the sedimentwashed this sediment 
several times with pure water further and repeated centrifugal separation by 
centrifugal separationreduced pressure drying of it was carried out at 40 **. 
Thuswhen FT-IR measurement of the obtained brown powder was 
performedalmost in accordance with the IR spectrum of C6o(OH) 12 shown in the 
above-mentioned literaturethis powder was checked with the poly hydroxylation 
fullerene which is quality of an object. The above-mentioned reaction can be 
expressed as followsfor example about Ceo. 
[Formula 1| 



[0059|<Manufacture of the poly hydroxylatton fullerene peliet of Example 1>next 
70 mg of powder of this poly hydroxylation fullerene could be takenIO mg of 
powder of this and polyvinyl chloride could be mixedO.5 ml of dtmethylfonnamide 
could be addedand It stjrred,And this mixture was slushed into a circular mold 16 
mm in dJameterand the solvent was evaporated under decompression.Thentt 
pressed and a pellet 15 mm in diameter was obtalned.This pellet was about 300 
microns in thickness. Let this be a pellet of Example 1,[0060]<Composit!on which 
is poiy hydroxylation fullerene suifijric acid hydrogen ester (all the esterification)> 
SImilarlythis also referred to the aforementioned literature and performed it. The 
powder 1g of the poly hydroxylation fullerene which was obtained as for the 
account of the upper was dropped In 60 ml of fuming sulfuric acidand it stin-ed for 
three days under a nitrogen atmosphere at the room temperature. The obtained 
reactant is dropped little by little in anhydrous diethyfether cooled within the ice 
bathand the sediment is classified by centrifugal separationand after 2:1 mixed 
liquor of 3 times and diethyletherand acetonitrile washed twice by diethylether 
furtherit was made to dry under decompression at 40 **. Thuswhen FT-IR 
measurement of the obtained p<wder was performedalmost In accordance with 
the IR spectrum of that by which sulfuric acid hydrogen esterification of all the 
hydroxy! groups was carried out shown in said literaturethis powder has checked 
with poly hydroxylation fullerene sulfuric acid hydrogen ester which is quality of 
an object. 

[0061 jlhe above-mentioned reaction can be expressed as followsfor example 
about C6o(OH) y (foilowtngthe same), 
[Fomiula 2| 

[0062]<manufacture of the poly hydroxylation fullerene sulfuric acid hydrogen 
ester pellet of Example 2> - 70 mg of powder of this poly hydroxylation fullerene 
sulfuric acid hydrogen ester could be takenIO mg of powder of this and polyvinyl 



chioride could be mixedO.5 m! of dimethytfomiamide could be addedand it 
stirred.This mixture was slushed into a circular mold 15 mm in diameterand the 
soivent was evaporated under decompression. Thentt pressed and a peiiet 15 
mm in diameter was obtained.This pellet was about 300 microns in thickness. Let 
this be a peHet of Example 2. 

t0063]For <manufacture of fullerene condensation pellet of comparative example 
1> comparisonlike Example Ion the other handthe press to the direction was 
performed except using 90 mg of powder of fullerene used for synthetic powder 
in said example so that it might become a circular pellet type 15 mm in 
diameter, Thickness is about 300 microns and this pellet makes this the pellet of 
the comparative example 1 ,|0064|!n order to measure the conductivity of the 
pellet (example 1) of the measurement poly hydroxyiation fullerene of the rate of 
P.r.9?Pn..?.9D.f^^^^^^ P®''®* (example 2) of poly hydroxylatlon 

fullerene sulfuric acid hydrogen esterand the pellet of the comparative example 
IFirstIhe both sides of each pellet were inserted with the aluminum plate with an 
equal to a pellet diameter of 15 mmthe volts alternating current {amplitude 0.1V) 
from 7 MHz to 0.01 Hz was Impressed to thisand the complex Impedance in each 
frequency was measured. Measurement was performed under a drying 
atmosphere.|0065|E!ectricallythe proton conduction part 1 of the proton 
conductor which consists of a pellet of Examples 1 and 2 constitutes the 
equivalent circuit as shown in dravying 8 (A) about impedance measurement. 
It forms in the capacity 6 and 5 between the 1st pole 2 and the 2nd pole 3 also 
including the proton conduction part 1 expressed with the parallel circuit of the 
resistance 4 and the capacity Srespectively. 

The capacity 5 expresses a lagged effect (phase lag at the time of being high 
frequency) in case a proton movesand the resistance 4 expresses the parameter 

of the ease of moving of a proton. 

[0066]Heremeasured impedance Z investigated the frequency dependence of the 
proton conduction part which is expressed with Z=Re(Z)+l-lm (Z)and is shown in 
the above-mentioned equivalent circuit. 



[0067] [3 rawing 6 (B) is an equtvaient dreult at the time of using the fulierene 
moiecuie of the comparative example 1 without proton dissociation nature (the 
above-mentioned comparative example 1). 
1a in a figure is a fuHerene part. 

t0068]The impedance measurement result about the pellet of the poly 
hydroxyiatlon fulierene of Example 1 and the pellet of the comparative example 1 

is shown in drawing 7. 

|0069]According to thisin the comparative example ithe frequency characteristic 
B of compiex impedance is the same as that of a capacitor independent action 
aboutand no conduction action of charged particles (an electronionetc.) was 
obsen/ed about the floe of the fulierene itself. In the case of poly hydroxylation 
fullerenecompared with ItA is flat into a high-frequency portlonbut a very beautiful 
singie semicircular state circle can be seen. This shows that the conduction 
action of a certain charged particle exists in the inside of a pellet. A rapid rise of 
the imaginary part of impedance is observed in a low frequency region. This 
shows that blocking of a charged particle has arisen between aluminum 
electrodes as it approaches direct current voltage gradually. 
Naturallysince the charged particle by the side of an aluminum electrode Is an 
electrontt turns out that the charged particles Inside a pellet are an electronand 
the not a hole but other charged particlet.e.ion. 

From the composition of used FURARE Norlanthis charged particle Is not 
considered other than a proton. 

[0070]From the X-axis section of a circle seen at the high-frequency sideit can 
ask for the conductivity of this charged particleand is about calculated v«th 1x10 - 
^S/cm In the pellet of the poly hydroxylation fulierene of Example 1 . When 
measurement with the same said of the pellet of poly hydroxylation fulierene 
sulfuric acid hydrogen ester of Example 2 was performedabout the case of poly 
hydroxylation futlereneand the whole shapeit became the frequency 
characteristic of the same Impedance, Howeverthe conductivity called for from X 



section of a circle portion became a value which differsrespectively as shown in 

Table 1. 
[0071] 

[Table 1] Table 1 Conductivity of proton conductor pellet based on this invention 
(25**) 

[00723Thusif a hydroxy! group replaces an OSO3H basisthe conductivity in a 
peilet shows the tendency which becomes large. The OSO3H basis depends this 
on ionization of hydrogen taking place easily rather than a hydroxyl group. And 
also in the case where both sides are intermingled in both [ of a hydroxyl group 
and an OSO3H basis ] casesthe fioc of this kind of ftillerene derivative was able 
to find out that proton conduction was possible at the room temperature in a 
drying atmosphere. 

[OOJSjNextusing the pellet of the poly hydroxylatton fuilerene of Example 1the 
above-mentioned complex impedance measurement was performed in the 
temperature requirement from 160 ** to -40 **and the temperature dependence 
of the conductivity for which If asked from the circle by the side of the high 
frequency at that time was investigated. Drawing 8 showed the result as an 
Arrhenius type plot.Thusit turns out that conductivity is changing from 160 ** 
linearly in -40 **. That isthis figure shows that a single ion transport mechanism 
can advance in the above-mentioned temperature requirement. That isthe proton 
conductor based on this invention can be conducted also in a wide temperature 
requirement Including a room temperaturethe eievated temperature especially of 
160 "*or the low temperature of -40 **. 

[0074]The poly hydroxylatton fullerBne sulfuric acid hydrogen ester which was 
obtained as for the account of a <production of fuilerene derivative solution^ 
topand THF (tetrahydroxyfranc) were mixed at a rate shown belowand the 
fuilerene derivative solution was produced, [0075] 
Poly hydroxytation fuilerene sulfuric acid hydrogen ester 33 % of the weight 



56.6 % of the weight of THF(s)[0076]Engine-lathe processing of the <prodyction 
of polyvinyi chloride solutton> polyvinyl chloride materta! (round bar) was carried 
outand the polyvinyl chloride chip was extracted.At this timeother substances 
were cautious of not making it mixmixed the polyvinyf chloride chip and THF 
(tetrahydmfuran) which were obtained as for the account of the upperand 
produced the solution.The mixture ratio of a polyvinyl chforide chip and THF is 
shown bejow.[0077] 

Polyvinyl chloride 10 % of the weight 90 % of the weight of THF{s)[0078]The 
polyvinyl chloride solution was mixed and it mixed with poly hydroxylatton 
fullerene sulfuric acid hydrogen ester in the fullerene derivative solution obtained 
by the method of which <production of thin film of Example 3> **** was done with 
the ultrasonic washing machine for 3 minutes.The presentation of the obtained 
mixed liquor is shown below. [0079] 

Poly hydroxylation fullerene sulfuric acid hydrogen ester 25 % of the weight 
72.5 % of the weight of THF(s) Polyvinyl chloride 2.5 % of the wefght[0080|The 
125-mtcrometer-thick mask was set to the glass plateand both-way spreading of 
the mixed liquor of the polyvinyl chloride solution and fullerene derivative solution 
which were obtained as for the account of the upper was carried ouf.Nextafter 
exchanging masks and performing two-layer spreading with the same coating 
method as the above-mentioned both-way spreadingwhen making it dry about 10 
minutesthe film (proton conducting membrane) applied to the glass plate was 
able to exfoliate from the glass plate easily. Let this be the proton conducting 
membrane of Example 3. 

[0081 ]The polytetrafluoroethylene sheet (common-name Teflon sheet: 20 
micrometers in thickness) was stretched to both sides of this film that exfoliated 
from the above-mentioned glass plateand the pressure of 1 ton/cm^ was put for 2 
minutes with a press. 

[0082]thickness hereit measured about the film thickness after 

application of pressure.Measurement is perfonned about eight per proton 
conducting membrane after the application of pressure which was obtained as for 



the account of the upperfour sum total films are measuredand the result is shown 
in the following table 2.[0083] 
[Table 2] Table 2 

[0084]Sjnce the proton conductor of Example 3 based on this invention contained 
polyvinyl chloride reslnfor example according to the above-mentioned table 
2thtckness average value indicated the desirable moldabllity to be 45 

micrometers or less for each film with the press for 2 minutes by 1 
ton/cm240085|Power gener^^^^^^^ hydrogen pole with Pt catalyst 

(outer diameter of 30 mm)and an oxygen pole (outer diameter of 34 mm) are 
producedrespectivetyThe mask made from a plastic which furthermore has a 
round hole with an outer diameter of 34 mm was carried on the oxygen poleand 
the mixed liquor of above-mentioned pofy hydroxylation fuilerene sulfuric acid 
hydrogen ester and poiyvinyi chloride produced previously was hung downand it 
extended uniformly in the hole of a mask.Thenthe mask was removed after 
making it dry at a room temperature. Moreover the hydrogen pole was piled upit 
pressed by the pressure of about 5 1 per square centimeterand the cell which has 
the proton conducting membrane of Example 3 was completed.These four cells 
were connectedit assembled as a 4 ream moduleand the power generation 
examination was done under the following conditions. [0086]That iswhen it was 
considered as amount of hydrogen supplies 10 cc/mtn to the hydrogen pole and 
the oxygen pole was wide opened to the atmospherethe electromotive force per 
[ 1 .2V ] one cell was able to be acquired,[0087]lnstead of the <productton of 
nylon system resin content film of comparative example 2> above-mentioned 
polyvinyl chloridethe proton conducting membrane of the comparative example 2 
was produced by the same method as Example 3 except having used nylon 
system resin. |0088]When the degree of acid resistance of the film of Example 3 
and the nylon system resin content film of the comparative example 2 which was 
obtained as for the account of an acid-proof j^^^ was measuredfilm 

production was tried using the nylon system resin weakened by the comparative 



example 2 into aciditybut the film collapsed with the passage of time. Degradation 
of a film which the film of Example 3 which was acquired as for the account of the 
upper mentioned above on the other hand was not seen.[0089]As mentioned 
abovesince the proton conductor of Examples 1-3 based on this invention 
contains acid-proof outstanding resinwhen the acidity of a proton conductor 
becomes remarkably large by dissociation of a proton {H+)lt is hard to cairy out 
oxidation degradation of itand exceilent [ proton conductor ] in enduranceso that 
ciearly. 

It can use conveniently as a proton conductivity thin film. 
[0090]Aithough the proton conductor thin film containing polyvinyl chloride resin 
and a fullerene derivative (poly hydroxylation FURARE Norian or its sulfuric acid 
hydrogen ester) was produced in the above-mentioned example herethe proton 
conductor based on this invention can also be changed as shown 
below. [009 1 ] Although polyvinyl chloride resin was used in the above-mentioned 
exampleThe proton conductor based on this invention Polyvinyl chloridea 
VCM/PVC system copolymerAt least one sort of resin chosen from the group 
which consists of polyethylenepoiypropylenepolycarbonatepolyethylene 
oxidepolyphenylene oxideperfiuoro sulfonic acid system resinand these 
derivatives (namelything etc, which has various substiluents) can foe 
used. [0092] Although poly hydroxylation fullerene sulfuric acid hydrogen ester (all 
the esterification) was used as a fullerene derivativeThe proton conductor based 
on this invention can use poly hydroxylation fullerene sulfuric acid hydrogen ester 
(partial esterification)proton (H*) dissociative the fullerene derivative which 
Introduces a basisfor exampleFURARE Norianetc. for the cart)on atom which 
constitutes a fullerene molecule.JOOSSJAIthough each examination was done 
under a drying atmospherethe proton conductor based on this invention can also 
be used under moisture existence. [0094]Although proton conducting membrane 
was produced by appiying a mixed solutionthe proton conductor based on this 
invention is possible also for film production by melt moldingand film production 
according to printing Instead of spreading Is also still more possible for it.[0095] 



[Function and Effect of the fnventionJSo that dearly from the above explanation 
the proton conductor of this inventionPolyvtnyl chloridea VCM/PVC system 
copoiymefpolyethylenepolypropyleneAt least one sort of resin chosen from the 
group which consists of polycarbonatepolyethylene oxidepolyphenylene 
oxideperfluoro sulfonic acid system resinand these derivativesSince the fuflerene 
derivative which introduces a proton (H*) dissociative basis Into the carbon atom 
which constitutes a fuilerene molecule is contalnedit excels In fiSm strength and 
gas pemieation prevention abilityand can use as good thin fllmssuch as acid 
resistance and heat resistance. 

[0096]Thereforeaiso in the case where the acidity of the above-mentioned proton 
conductor becomes remarkably large by dissociation of a proton {H*)High 
conductivity can be demonstrated over the large temperature region which 
cannot carry out oxidation degradation easilyis excellent in enduranceand can 
use conveniently as a proton conductivity thin fiimand also includes ordinary 
temperature. [0097]The proton conductor of this invention has a small 
atmosphere dependencyand into dry airlt can show sufficient proton conductivity 
and it can be continuously used for lt.[0098jSjnce the proton conductor of said 
this invention is used for the electrochemical device of this inventionthe same 
effect as the proton conductor of this Invention is done soand it becomes 
unnecessary [ humidifying devices |and can realize miniaturization of a 
systemand simplification. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing i]!t is structural drawing of the poly hydroxylation fulferene which is an 

example of a fuilerene derivative usable to this invention. 

f..^.|j?.Mf.l9...?.]j^ is a mimetic diagram showing the example of a **** fuilerene 

derivative. 

.[QiiMOSJl^^ structura} drawir^g of only a **** fuilerene molecule, 



[Drawlna 4j!t is a mimetiG diagram showing an example of the proton conductor 

of this invention. 

i.DifM'19...§jj^ an outline Itneblock diagram of the lyef cell by the 1 embodiment 
of this invention. 

LQliMnS 6P Is a figure comparing and showing the electric equivalent circuit of 
the pellet used for the example of this Invention. 

[!5r?>'^M.7.P^ a figure comparing and showing the measurement result of the 

complex impedance of a peilet. 

[Drawing S| it is a figure showing the temperature dependence of the rate of 
proton conduction of a **** pellet 

[Drawing 9]lt Is an outline lineblock diagram of the hydrogen-air cell by other 
embodiments of this invention. 

LQ!!?^M9. J.^J^* an outline lineblock diagram of the electroehemical device by 
other embodiments of this invention. 

[Drawing 11]lt is an outline lineblock diagram of the electrochemical device by 
the embodiment of further others of this invention. 
[Description of Notations] 

1 [ The 2nd pole {oxygen pole)] A proton conduction part2 The 1st pole 
(hydrogen pole)2a A catalysts 3a [ - Proton conductor] - A catalyst14 - 

Hydrogen19 - Oxygen (air}20 21 [ - The Teflon board which provided the hole] - 
- A hydrogen pole22 - An air po!e24a -~ A Teflon taoard24b 30 [ -~ An anode (gas 
electrode)34 / - A proton conductorSS / - A gasket37 / - Negative electrode 
active material38 / - A negative electrode39 / - Positive active matertai40 / - An 
anode41 / - A proton conductor42 / - Gasket ] - Negative electrode active 
materialSi A negative e!ectrode32 - A gas permeation base materlal33 



"2) iSr H # if t2t ^ (A) 



(P2002~83918A) 



HO IM 
HO 1 B 
M 0 1 M 



i/08 
8/18 



HQIM 8/02 
HO IB if'm 
H 0 i M 8/18 



P 5 G 3 0 I 
A 5H0 2 4 
A 5 ti 0 2 6 
E 5 £i 0 2 9 
5 H 0 3 2 







mmmx 


6000021 8S 








































































100076059 








^m± mi SB 








mmizm< 



(57) mmi 

mmm ?tiu«^bfc::i/k mtrri^i/isftffi^^^, 
Tfojx^uy. #u7^oKVx tsu-t-m-h. # 




(2) 



^$«2 0 02-6 39 1 S 



#ux^ux myoki^uy. m'Jii-^^- 

{*7K#!f^TS^, ) -^^^^ mmmutmmyah 

W^43 B9lB7-phVj^i§iatf3S*f4. "OHXt* 

fit ^« 5 3 MI37 □ h >^mi4(0»i)\ - O H . - 
OSO3H, -COON. -SO3H. -OPO (OH) 

^-fH'Cm (m==3 6^ 6 0. 7 0. 7 6. 7 8. 8 
0. 8 2. 8 411) ^^JSncKm®?^ h> 

mmntz 7 n h y&wtt b u v c; cd 7p h ye 

g^uv^^+f'TK. .txU7x-p>*4^tKF. n-y 
<fc y ^^«'n«'>§ <t%i mmmt. 7 5- u y^^^ 

^ll«t?>gi!lliS?EC7P h> (H+) fil^-SfOS^^ 
AtT35:«>7-5~U>i«^#:i:^^l!?-«. mM^t^r 

ifiSB7n h>*^l±L;)SftN -XH 'X 

[is^Rm 1 0 J Biji27 p h >mmmt\ - 0 h x 
'vtti^.^aT*^^ ) a^Ji7i!:i3S®ismfb 

-OSO^H, -COOH -SO3H. -CPU 



X^-"5i?Cm (m^3 6. 6 0. 7 0, 7 6. 7 8. 
8 0. 8 2. 8 4^) Tm^. li>R«1 (ciaS07 o h 

itmm 1 6 1 mmm t msifMiam 2ii<3>'j>ft < t 

^9 JUT., 

toco 11 

M<Diir§^^Siji?3 mm\tyn vy im ^ 

[000 2] 

»MSt?3»m»i LT. li-yivtu-xiv^syw^ 
m (Su Pont %im0> n.E) sy^ofty'u h 

y iim^ty) m'^<m^'?-im^m^'^tthm^ 
[0 0 0 31 $fc. ifc^s§ifFLt^7p h ym^wt t 

T. H3M012PO40* 2 9H20-¥'Sb205* 5, 4H 

[0 0 0 53 liJ^. /t-7/U*P7./l'*>lgW^Pjft 
t%t. ^■£DX^l/?i-xy^SJ:y«8SLfc7ahM*. ® 

(HsO^-) :^f^l:^IL. ^fio?r^-v.-7j!*'i'5r>' 

1 1^ T 7 P h VA^^^i^ V h '.t 7 7 1^3* AiA 

[0 0 0 63 Mtc?^^r. c:n6<tfie«« 

[0 0 0 73 SP^. Yb:&K--7tfcS rCe05^^ 

(^)^n77-^'f hm?-WT^t'g-S-#,lK'f^»i. 7^.^ 
* c ... < T t . 7 P h >'fE#'tt€- W T ^ c: i 

E::: 3 rite , c ® f b^ir. is f.^ T . 7 a h 
yti:AP77;^j'r hmii»#«^f»^LTU-§l^-f ?r 



(3) 



^$«2 0 02-6 39 1 S 



10 0 0 83 Lt'L C<?)f£,ft4cD7nh>fi. W^t"- 

m\ 

r0 0l 23 *6tc, ^hU-y-S-Xtct^ 

{0 0 1 33 <ayxf3^ bm-m%>':>mmm-^ 
*.a sgfbfte^ii-g;-. mp*cs -s 7 □ h ^Qfe^s-^^T-t:) n. 
^fe&icti. 5 0 0^CJ^(±^l^^ra^^Kft 

[0 0 1 43 cro^dtc. se?K®7af->e^*{*. ^ 

[0 0 1 51 

mz. m'.^^'-^Ks&i^'&m.mxmi^^^tt'^T'^. mm 

^xMVX^iltW 1 1-20405 S^tC^t^T^ 
fOO 1 6} 

ft, 

[0 0 17] WStf)gSi*!l±. .Jrja5tWS(»3&*iS(S 
[0 0 18] 



mfm^m^ tit. yabytf^mmu^vmrnu^^'M 

too 1 9] *lig§07n hVfe^ftfis ±ia»t. 

[0 0 2 0] '^^T. ±i37P h ymmmmis\ 
ya hyim'&wmtLxwMitm^^^t.tii^xt. m 

■■■■ u>iS2i^i5%:^t Lxi^^<7^x\ wmmmm'-'i^i- 
mm^nmc^i^x<^. +'^rs7nhymmmm 

[0 0 2 21 $fc. mistv mimt. c 

^^-h. <Kuxg^u>7r4^ts--f K. ?i^:y7x-u>:t*- 
y^~uyii^mmt^m^m^ityaby (h+) 

[0 0 2 3] aiK^B^ajlEMft^x/S'fXfi. M 1 
[0024] 

[00 2 S] :$;^^<:3iL^T. 7 u ^ ; MWO^S'O^ 

00 0^ A ^BS C70 Hi .B , 
C?6^ ^7$. Ceo, Co45(^-*"sjatt>T. ^7~~- 



(A) 



^$«2 0 02-6 39 1 S 



jfc^iDU ^-^-yi- ^'dVir j:5^'^XJ< t. L.-^ 
Wjm'K^'' hli^m^^^^titc Kroto. H 1 ; Hea 
th, f R 0 \{ • {iiti, 8. I- • Smjfley, 8. 

L. NjtUfc 198 .mi62. ^l^U ^©^^gAd£s6-5Sjte 

10 0 2 71 ^^mmii^:<ny-y-u y^jff^^mm-i 

< i t> 1 6 0 'C— 4 0 C. -C«t,^7 P h >fKSf 

(Fujieretio!) j tmmx^^^. %m>wn.m. 

nge.fc<l:or««fJ:^^P*^^^?nfe (Chiang, L 
Y. ;Swir«ewski,J»W.;Hs«, CS,; ChowtJKury, S.K.; Ca 
ftieron, S. ; Creegan, K., J. Chew. Soc, Chm CosiiBun. 
1992, 1751) . ~^»iX±Ci7kSg:S^jiAl.fc7 

[0 0 2 91 €dLfc77Uy~/t/triJ2 
(A) tcMja,T.r^^'5{c±^tr<:M7?S^«L, Z. 
tl«llOEtC T 7 ^ U y ~Jl/^jt^^*6?"cli^m 
U ifi®L^oft75U/~JU5J^ (W. 0{*75~ 

[0 0 3 0] wsf»7Q hMs^m^fi, 7-5 uy- 
ii/ji(?i-{cfc t. 7j.mmi~o s 03H»**,o7^- u 

OHS0^OSO,HSi:P*Mt-pf:l}2 (B^ 
^- v^i+^ ' J 7KMjh7 ^- U V. Tfif-^ fe^iiiTTk^x 
X-7- ;i'1t:7 •:7 U 'bij:. U Oi i .sugO S<. <}; o T 1 9 
9 4*tC|E3^^nTi^^ (Chiang i 'r. ftang i Y, , 
Sa t r < :<jssk I j,W, ;SoletJ, S ; Cameron, ^ , J Ort). 



[003 1] ±x^j5tr;7 -u>#-^ft*s-i^^«f^-tt 
'e^£iVwi/^itT.-nT7UhyfK#1S(j: 7t-f 

§7nh>3£>^^E(ilcii«gSfc^fc*&. l§:a^6^8?K^^ 

[0 0 3 21 i'StE. --OiD7^-U>»?^4'{£ft"'5:y 
[0 0 3 31 *lifflffl7a h>fgji1*tt. ^-ffiJg^isV 

[0 0 3 41 Mtc*«w®^itic<tna, -j'uvym 
w&mm^t. wm i^tzMmm^ o s o 3 h stcpi^ t ^ 

[0 0 3 53 z.aymm<nmt%~xw'Qm>^ 

st'??snt#<feo% Htctt, c:a5St*st~0HXtt~Y0 

X\t. OH. OS03Ht:(5?j-(<. COOH, --- 

SO_,H. -OPO 'OH' 3i?3l^^h*''ftWf Ll^ 

CO 0 3 7) .KKfig«7P hVfe^f*kfflt ^SI5iB7- 
C ttr J; y . 7-5'--Uy5t-?^)t?lfiitS^;^-:Ft:p/r^£D7 

[ 0 0 3 K 1 3^%a!1(7^ 7 u h : * ' ' t: ~ 



(5) 



^$«2 0 02-6 39 1 S 



fls&r^rn --^Ji^^^m v^^^i^h^'puct. 

{0039] §f!;;dm^Si7^ a % mfi. SO *M%li(T6''« 

JO 0 4 03 if^moyyu hy^mi. mimm^ 
nmmmmt^ z t ts^x^t^. mox. mmmxf:^ 

[004 11 ijiat^JSibK-ibsti-iijisiiftK'-^bm 

[0 0 4 5] gp^. *MS^(D7a h>e^f*i«ia« 
^mLXl^mX. 7Qh> (H+) iD^lt^-oX. 

i^x^. mtmtLm<s mxmmtix&v. 7Ph 
yBmmmtLx»micmi.^^^t&x^. micim 
tfejfei^jgg^tcfcfc o xMmmmmmt ^ct 

[0 0 4 6] *6t^. *^B^iD7a f>ySi«Wi. MIS 
'j ^ * < . ISit Sm4^ £ C a T t . 1 7 □ h > f£jf .ft 

L"Ci-x^M^^r^i\m^li. *lt£gf07p \~yim 
Wt\ |yia/s-7^l.:^} nx/b;J-<>^il8iilttia7-5- 

- 7/i/:r □ :?i/t.* >^3r*«*t 7 n h ym^.^ 

[0 0 4 7] ^^moyyo 'r-ymwit. ^m(om%it 
^rjwxummcmx^-^: tr^tjt>. m^mt. 

ir./J^e^*^i5i*&^!mt^*tci5t^T. ^-®7a hy&m^ 



2<i.i\ fjT.m.mx^j^mmtmT'juxttsK 
itm Ltcmitoi^xmmt^o 

[0 0 5 03 ^-iD»«>il5>7P hyim<r>^i}~Xh 

itm 4 (r>^^m\t7nt ^ y . 7a h y^m^ i 
mill ihtmTumm 2tn2m (j-ztmwM 
m) 3 to)mimwi^ti. fmucyahy wn it 

to 0 5 1 3 mSiZlt. *fg^«37P h^g^ft^ffll^ 

m^^tmm■stiXl^=&. mmm. nmimm 

mAQI 2i!)'>6*,^£f<«^*tu tmn-i 3 {Ztlim 

ifn:[,^ztitS9, ) fe^ss^as-jn-®, mm m) i 

4 1 5 ^m&tMc 7p h y ^m^ u c ® 7 
D hyitya hymmi x^Lfcya hyttuc 

[0 0 5 2] t'f'^mmo^mMm.mt. yahy&W' 

1 T-7Q i-yiWL^-:). S|i2»8«|g^n«7 

ahytf^mm^wmtmx. 7a hv(«S5i*i6^ 

X. 'yxy'hmmt. mmt^m^zttfx^^. 
CO 0 5 33 m^iimm-mmit. mm^iy 

oi-ymn(.^m(K>-:fcihymW) 2 0^t|»tct 
Ti!k«li2 1 i:?^MS2 2i:6^^*iRfiBE;rti, dtiStJO 

x/P> 'WUm^' W2Aat. 5l5t'n^2 

5 ^a^^^ /I ^ 7 u V ? 4 b t T« K t^lU 
h?6.K Jbh'&Xyi- !-?/a. 2 / b(:<i- y 

StS^^^^ ^^¥tC7}. ^gij - h 2 S a ^Ji% 

^sy-^-2Sbo^ix';aj^nci^?. 

[00 5 4] ^ft. i2j1 OiCn^l-.X^^fc^F/N'fXti. 
;^5i5^3£m3 2^fgtt/cIE^i3 ^ ':a7'X1§^ tfTJiS 

y . C ffl 7 □ h ygsf ft 3 4 tC3t>:S|0^® 7 P h >S^lf* 

^ )^i?7^-L Wf4i^AW^^-aa£ 



(6) 



^$«2 0 02-6 39 1 S 



(0 0 5 53 ffe, SI 1 lOT^I-mm^T^/^-f Xli. 

X t ^ ^13 8 mi^tHm 4 0 ©^i^i<35i^P^t±. At-X 
[0 0 5 63 ±iiEtfel,^Tn©«M^fc^xVW;?.^. ± 

r00573 

J0 0 5 8J <?j^y?Kllft7-5-~uv«^^>e:©^m 



ti. ^ilf (Chiang,LY, ;Wang,LY. ;S»ir«ewski.j.S.;S 
ofed, S. ;Camerofi, S., . Org. Chem. !f> 4, 5^', _.%0^ 

^^^a^^T^ r 6 0 "C tciit, ^ 0 ^ U hWW I 

<Dmm^ 6 0 m ! 0-< ?r ysi^*^^ xn^ s s tt? 

\ZW<&t\X\>^Cm (OH) i2<^ i RX^-? h/^ttitf 
[fbU 



CSO3} 



(x=5~6) 



[0 0 5 93 <IISfe«Si©vi{y*^b75-u^'^U*> 
K©^>3S;tc. c(»vtfj*aifb:?7~uy«*7 0 

li^tv v-'^m^Tv^J/AT'S KO. 5ml^»^ri:< 

lt#Lfc:,^LT, C 0-1^15 ^Hli 1 5mm£DRff$<D 

uv-n^* 1 If 6 On. f (r)^jfii%^45(rteTL, 

■^'i'X~xn'C3S^ i>4;D->x^ji/x-?-Ji/(!:7'-t? h 
X h n )\,a) 2 : 1 S^* C 2l»t)^# L/: ^, 4 OTIC 

■r'\r(7)7m^^^^7)c«xx7-'i'fri*-n?c^;(?)<?) 



C63(CH)y 



C6o(OS03H)y 



fbex/b<?)t!}5lS 1 0 m g <!:^ii^ t. 'J>i^ f-lUt-lUhT 

s Ko. 5m f mxz4i<mnLrc. z<DMm^m 

m 5mmcOR?g®M£SilLaa*. METfe^SU^T^ 

^mm'&tc,'t<Dm. 7^x^m\ as i 5 mm© 

5 p > -e. C n^&ifc^#(j 1 «rj^ U y h i T -5 . 

* U *^^b7 5 - b XTJ'N U h 1 ) . * U * 

m\Y>-7-y U>«^»x-\-r;l.(©%U / h 9^^'! 

MBU ^m'mxzm^^^^ >t-^>x^ ij^tu 



(7) 



^$«2 0 02-6 39 1 S 



2 ®^ u ' h 0-^5 ^ 7 u y u b yim^f' 

mmti) mu mmmyohxDm^Mtmm 

[0 0 6 6] MS^Vt-^'VXZii, Z-R 

e (z) + i . I m (z) vm-^Eti. ±iimmm-^m 
[0 0 6 71 rj:^. me (8) ti. yabymm^oit^ 

{0 0 6 95 e:.mr.cf:ti«\ il:^ i ie^ii^Ttt, 
-r > t - >-XCD^§j;»mB{i J5i.i<fc^+ i-Mi/^i ■■■■ 



cri,^^zt%^^LTti'j. 1..;, T^^us-c^jumwiJ 

1 cD#U*iiffc75~P>cDA;Uy l-fcBU'^rttv Site 
P >a) ii § i ^f^OflmiC Ol^ T ^'J: -f t ™ -Sf^ 
[007 11 

[^ 1 1 « 1 *^^{£a^'< ■:^ti h y^lJjf^b >y h 
(Dfii^^ (2 5X) 



2X1 0 ~ 



JO 0 7 3} nc. mmm 1 0#:u*^fc75~u>© 

h^ffiiv ±gBf?>«'fvt::'~^r>xllS$i 6 

# y *itfb7^- u^m^^xxt^/p 3 3 mM% 

THF 6 6. 6am% 

[0 0 7 6] <#umi;e~iL'j§W'P»>-t^UJftfuif L.. ±iei#6.fife<KUSftt::^::i/^Wi:THF (^h? 

(^.») mmmxLxt^<jmit^~Mm^ tKP7^» %)it$^)§««f'^»Lfc#<;*-fi5t;' 



[0 0 7 4j <7^-~-uymmimmfm>±mm 

tltc ti U 7K Wfc 7 ^ ~ b X 7. ? J i T H F 

too? 51 



(8) 



^$«2 0 02-6 39 1 S 



[0 0 7 73 

THF 

f 0 0 7 8 3 <mmm 3 a^Mmo)^m>±m ttcismr^ 

THF 

[0 0 8 0] M3xmm^'i 2 5 }jm0>^X^^^'> \ 



1 om.m% 
9 omm% 

mmmm^mx' 3 Ltz> » 6 aft m^is^Diait * 

100791 

7 2. smm% 

2. 5«#% 

h : Ip?^ 2 0 ;.i m) ^m'J. ^UXT'I ton/'cm2 

too8 2] mm 

to 0 8 31 

mi} «2 









M 1* 


A 


f (' m 






B 


3 S i! »l 


4 7 ;j ;ji 




C 


8 2 K ni 


3 8 w m 


2 5 ti m I 


V 


3 a f{ III 


4 5 


3 4 a ttj 



[00853 igmMil 

[0 0 8 6] fiP^, mm^<^Mmim& 1 O c c /m 

1 . 2 V(?)iem;^S-!f ■§ c i ft^T^-fc 

[ 0 0 8 7 3 < mm 20) f < a ymmmmmm 



[0 0 8 8] 

[ooyo) z-c. .>u^k^tt:- 



(9) 



^$«2 0 02-6 39 1 S 



[0 0 9 23 ttu y3-i^ymmwtLTm7mit 
^mt-'5^^ii^fc7Phy (8+) im^mmK 

[0 0 9 4] Mfc. ;i-^;§)?S^^^&r^;:.iT-7P h> 
[0095] 

'it";x?b>:t4^-y-<H\ THy7.TXb>t 
*+^-'r A----7/btP.:^^i'*>^§MSScf2:ti6a> 

[0 0 9 6] u^oT. ±ie7a hymmmmm.-ti\ 

7ah>g^1411!i&LTS?iit::ffii^*s:<!:*f4-e*. ]g 



[0 0 9 8] sr... *:f*9 <?3;S^(b'^7/\f Att. "s? 

mu :^mmicm^m4iy^~i^ymmo>-m-<: 
^^m^ty^-iyymmmt^m^. 
m2}m. y^~i^ymmmm^mtm^mx^ 

tits] m. y^-uy'}^^03i.a)m'&mT&^. 
tgt4] mmayyabymmm-mmtm^mT 

mmmm Lxmtmv^ 
[071 ^i^-.' h(Dm^yk::~¥y7.mMm 

ms] [sj. ^ u y h ® 7a b yimmay'^mmn^ 

1-7Phyf5». 2-Kl1i . 2a-M 

S!.^. 3-^211 im^M) . 3 a -mm. i 4-m 

1 (ms V 2 0-7P 2 1-* 

m 2 2 4a -x7P>m 2 4b-?l 

^mncT'yaym. 3Q-nmismm. 3i-m 

3 2-XJ"XSim3gm 3 3-IEIi iiSXWm . 3 4 
•■•7PH>'(gm 3 5-;«fX^y 37-»mm 
3 8-m 3 9'"iE1i^m 4 41 



t!143 



(11) 



^$«2 0 02-6 39 1 S 




(12) 



^$«2 0 02-6 39 1 S 




(13) 



^$«2 0 02-6 39 1 S 



mi 1] 




(51) Int. CI. 7 itSlita^ Fl 

H01M 10/40 H0 1M 10/40 B 

12/08 12/08 K 



5G301 CA30 CD01 

5H024 AA01 CC01 FF21 

5H026 AA06 CX05 EEOS EE18 EE19 

5H029 AJ01 AJII Aai6 Dj09 EJ04 

8J01 HJ02 
5H032 AAOO AA01 AS01 AS12 CC17 

EE01 EE04 EEOS HH01 



